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Abstract 
The reactivity of salen complexes toward hydrogen peroxide has been long recognized.
Co(salen) was tested as catalyst for the aqueous oxidation of a refractory lignin–carbo-
hydrate complex (LCC) isolated from sweet bamboo (Dendrocalamus hamiltonii) in the 
presence of hydrogen peroxide as oxidant. Co(salen) catalyzed the reaction of hydrogen
peroxide with LCC. From the spectra analyses, lignin units in LCC were undergoing ring-
opening, side chain oxidation, demethoxylation, β-O-4 cleavage with Co(salen) catalytic 
oxidation. The degradation was also observed in the carbohydrate of LCC. The investi-
gation on the refractory LCC degradation catalyzed by Co(salen) may be an important
aspect for environmentally-oriented biomimetic bleaching in pulp and paper industry. 
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Lignin is a complex chemical compound most com-
monly derived from wood, and an integral part of the 
secondary cell walls of plants and some algae [1,2]. 
Although lignin is necessary for trees, providing mecha-
nical support to bind fibers together, and preventing 
the cell wall from the attack of microorganisms, lignin is 
removed for production of most papers. Degradation of 
lignin (delignification) hence constitutes an important 
step in paper manufacture [3].  
Data from numerous studies indicate that lignins 
are associated with hemicelluloses forming, in some 
cases, lignin–carbohydrate complexes (LCC) that are 
resistant to hydrolysis even under pulping conditions 
[4–8]. Consequently the search for a selective and envi-
ronmentally friendly delignification technology which 
can selectively oxidize lignin functionalities without 
harming the cellulose fibers is a current challenge for 
the paper industry worldwide. Novel processing methods 
are required to extend lignin selective depolymer-
ization. A very attractive attempt is to catalytically 
enhance the delignification with aid of oxygen and/or 
hydrogen peroxide in the bleaching cycle, this certainly 
involves the development of metal complexes. Salen 
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complexes are an important class of organometallic 
compounds, which have been used to catalyze a wide 
variety of reactions with oxidants like oxygen and hyd-
rogen peroxide. The synthesis of water or organic sol-
vent-soluble salen complexes is simple, easy and low 
cost. For these reasons, they can be used as catalysts in 
the field of lignin and wood chemistry. In particular it 
was demonstrated that they were able to oxidize in 
high yields lignin model compounds [9]. Bozell et al. 
have reported that Co(salen) along with dioxygen as 
the oxidant constitutes the most promising biomimetic 
degradation of lignin [10]. Similarly, Canevali et al. have 
studied the oxidation mechanism of apocynol catalyzed 
by Co(salen) in the homogeneous phase using either 
chloroform or pyridine as solvent. About 90% conver-
sion was obtained after 48 h of reaction [11]. Rajago-
palan  et al. have studied the catalytic efficacy of 
Co(salen)(AL) in O2 oxidation reactions in CO2-expanded 
solvent media and elucidated the axial ligand depen-
dence and substrate selectivity [12]. 
To the best of our knowledge, studies dealing with 
the use of Co(salen) complex for the oxidation of LCC 
have not previously been reported. In this work, we 
report the oxidative degradation of LCC isolated from 
sweet bamboo (Dendrocalamus hamiltonii) using 
Co(salen) complex as the catalyst. Several spectro-
scopic techniques were used to study this oxidation 
reaction under experimental condition to provide fun-X.-F. ZHOU: OXIDATION OF LIGNIN–CARBOHYDRATE COMPLEX CATALYZED BY Co(SALEN)  Hem. ind. 68 (5) 541–546 (2014) 
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damental basis with the goal of improving pulping and 
bleaching operations. 
EXPERIMENTAL 
Materials 
All chemicals are commercially available and were 
used as received without further purification, unless 
otherwise noted. Co(salen) was laboratory synthesized, 
and ethanol, benzene, 1,4-dioxane, acetic acid, pyri-
dine, sodium hydroxide, hydrogen peroxide, methylene 
dichloride, sodium sulphate were purchased from 
Sinopharm Chemical Reagent Co. Shanghai, China.  
Co(salen) synthesis 
Synthesis of salen [N,N-bis(salicylaldehyde)ethyl-
enediimine acid] and Co(salen) {[N,N-bis(salicylalde-
hyde)ethylenediimino]cobalt(II)} was carried out fol-
lowing the procedure of published literature (Scheme 
1) [13]. 
Isolation of LCC 
The bamboo flour (100 mesh) was pre-extracted 
with ethanol–benzene (1∶2), vacuum-dried with phos-
phorus pentoxide, and then ground using a variable 
planetary ball-mill for 72 h. The very fine bamboo flour 
was then extracted with a solvent of dioxane-water 
(96∶4) at an ambient temperature for 24×3 h. The 
residues were dissolved in a solvent of acetic acid– 
–water (1∶1) for 24×3 h and then worked up according 
to established procedures [14]. 
Catalytic experiment 
The catalyst Co(salen) and axial base pyridine were 
added and stirred in flask prior to the other reagents. 
Sodium hydroxide and hydrogen peroxide were then 
added followed by LCC and at this point pH of the 
solution was recorded (pH 12.5). The reaction was let 
to proceed at 90 °C for 5 h and stopped by cooling to 
ambient temperature, then filtered with sintered glass 
filter. The final residue was collected for FTIR and NMR 
analysis. The filtrate was extracted with methylene 
dichloride. The organic phase was separated and dried 
with sodium sulphate, and finally concentrated to 1 mL 
for reaction product analysis with gas chromatography-
mass spectrometry (GC–MS).  
FTIR 
FTIR spectra of LCC and residual LCC obtained from 
catalytic experiments were made on a Nicolet 470 FTIR 
spectrometer in wavelength bands from 4000 to 400 
cm
–1, using 1 mg of freeze-dried samples and 300 mg of 
KBr. 
1H- and 
13C-NMR  
The samples (LCC and residual LCC) were dissolved 
in DMSO-d6 and the spectra were recorded on Bruker 
DRX 500 apparatus in a 5-mm diameter tube. 
GC–MS 
The oxidation products dissolved in methylene 
dichloride were identified by GC–MS with an Agilent 
Technologies HP 6890/5973 system fitted with a fused 
silica column (HP-INNOWAX, 30 m×0.25 mm i.d., 0.25 
μm film thickness). It was used as the carrier gas (1.0 
mL min
–1). The mass spectrometer was operated in the 
electron ionization mode (EI, 50 eV). Compound ident-
ification was performed using GC retention times and 
by Mainlib database. 
RESULTS AND DISCUSSION 
1H, 
13C-NMR and FTIR spectra of the LCC are 
compared in Figures 1–3.  
The signals corresponding to different carbons 
referred to lignin and carbohydrate in LCC were 
observed in the spectra in Figures 1 and 2 [14,15]. In 
the meanwhile, from the increase in carbonyl signals 
(Figure 1: 13.0/9.5 ppm; Figure 2: 170.0 ppm) and the 
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Figure 1. 
1H-NMR Spectra of untreated and treated LCC. 
 
Figure 2. 
13C-NMR Spectra of untreated and treated LCC. 
 
Figure 3. FTIR Spectra of untreated and treated LCC. X.-F. ZHOU: OXIDATION OF LIGNIN–CARBOHYDRATE COMPLEX CATALYZED BY Co(SALEN)  Hem. ind. 68 (5) 541–546 (2014) 
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decrease in benzylic proton (Figure 1: 2.62 ppm) of 
treated LCC, the lignin units were catalytically oxidized 
in LCC. The demethoxylation was observed in lignin of 
LCC according to the weakened signals at 3.80 ppm 
(Figure 1), 58.5 ppm (Figure 2) in the treated sample. 
The obvious decrease in signal at 6.7 ppm in Figure 1 
implied that lignin of LCC was undergoing ring-opening 
with Co(salen) catalytic oxidation. On the other hand, it 
was seen from Figure 1 that the signal of phenolic 
group at 8.0 ppm was higher in case of treated LCC 
than untreated LCC. This can be attributed to the 
demethoxylation and the β-O-4 cleavage in lignin of 
LCC. This can be confirmed by the lower signal of 
methoxyl at 3.80 ppm (Figure 1)/58.5 ppm (Figure 2) 
and β-O-4 at 78.5 ppm (Figure 2) in the treated sample 
rather than in the untreated sample. These agreed with 
information obtained from the Co(salen)-catalysed oxi-
dation of synthetic lignin and LCC model compound, 
showing side chain oxidation, demethoxylation, aroma-
tic ring opening, and β-O-4 cleavage [16,17]. 
The degradation was also observed in the carbo-
hydrate of LCC. The signals arising from the carbohyd-
rate of LCC in 
1H- and 
13C-NMR spectra, 1.26 ppm 
(Figure 1) and 100.0/92.0/73.0/70.0 ppm (Figure 2), 
were shown to be clearly much less intense in the 
treated sample. 
Similar observation on the changes of LCC in the 
catalytic oxidation was obtained from the signals in 
FTIR spectra. The band patterns were shown in Figure 
3. The bands at 890 and 1733 cm
–1 are typical of glu-
cans [18]. The spectra in Figure 3 showed bands 
characteristic of lignin [19]: 1600/1500 cm
–1 (aromatic 
ring), 1225 cm
–1 (phenolic OH), 2930/1030 cm
–1 (meth-
oxy group), and 1120 cm
–1 (β-O-4). Band at 1500 cm
–1 
was useful in demonstrating the presence of lignin in 
LCC, since it does not overlap with bands from other 
natural polymers. The decreases in intensities of these 
bands in treated LCC were evident in the spectra, 
suggesting that carbohydrate and lignin in LCC has been 
significantly degraded in the catalytic reaction.  
To obtain further information on the nature of LCC 
degradation, GC–MS analyses of soluble portion were 
conducted. From the mass spectrum data obtained by 
GC–MS analysis, LCC-derived products were identified. 
Figure 4 shows major products characteristic of degrad-
ation of lignin in LCC, including 4-hydroxybenzaldehyde 
(peak 1), 2-methoxy phenol (peak 2), 4-(1-hydroxypro-
pyl)-1,2-benzenediol (peak 4), guaiacol (peak 6) and 
1,2,3-trimethoxy-5-methylbenzene (peak 8). These 
compounds arose from p-hydroxyphenyl-(4-hydroxy 
benzaldehyde), guaiacyl (2-methoxyphenol, 4-(1-hydro-
xypropyl)-1,2-benzenediol and guaiacol), and syringyl 
(1,2,3-trimethoxy-5-methylbenzene) structures, res-
pectively. Some products from degradation of carbo-
hydrate in LCC (peak 5) can be recognized in Figure 4. 
The fragments derived from the LCC were also present 
(peak 7). The existence of these products suggested 
that the cleavages between ether, Cβ/Cγ and Cα/Cβ 
linkages of lignin took place, which was generally due 
to the well know metal-dioxygen adduct mechanism on 
the basis of common intermediate phenoxide radical by 
abstraction of hydrogen atoms [20, 21]. 
 
Figure 4. Chromatogram of products isolated from LCC oxi-
dation with Co(salen). Peaks: 1 = 4-hydroxybenzaldehyde; 
2 = 2-methoxyphenol; 3 = 4-methylcyclohexa-2,5-dien-1-one; 
4 = 4-(1-hydroxypropyl)-1,2-benzenediol; 5 = polysaccharide 
fraction; 6 = guaiacol; 7 = LCC fragments; 
8 = 1,2,3-trimethoxy-5-methylbenzene. 
CONCLUSION 
This study demonstrated that Co(salen) complex is 
able to work as oxidation catalyst for effective deg-
radation of the refractory LCC macromolecule and thus 
potentially as biomimetic catalyst for the bleaching in 
pulping industry. Further investigations on LCC model 
compounds are underway to understand the possible 
interaction of the Co(salen) complex with the LCC. 
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IZVOD 
OKSIDACIJA KOMPLEKSA LIGNIN–UGLJENI HIDRAT IZ BAMBUSA POMOĆU VODONIK-PEROKSIDA KATALIZOVANA 
Co(SALENOM) 
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(Naučni rad) 
Reaktivnost salen kompleksa u reakciji sa vodonik-peroksidom je dobro poz-
nata. Co(salen) je korišćen kao katalizator u oksidaciji kompleksa lignin–ugljeni 
hidrat (LCC) izolovanog iz slatkog bambusa (Dendrocalamus hamiltonii) u pri-
sustvu vodonik-peroksida kao oksidacionog sredstva. Spektroskopskom analizom
(FTIR, NMR i GC–MS) utvrđeno je da lignin u LCC-u podleže otvaranju prstena, 
reakcijama bočnog niza, demetoksilovanju, β-O-4 razgradnji pri oksidaciji katali-
zovanoj Co(salenom). Degradacija je uočena i u ugljeno hidratnom delu LCC-a. 
Rezultati ispitivanja LCC razgradnje pomoću Co(salena) mogu biti od značaja za
ekološki prihvatljivo biomimetičko beljenje u industriji pulpe i papira.
  Ključne reči: LCC • Co(salen) • Katalitička 
oksidacija • Slatki bambus 
 